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BATTERY-ASSISTED BACKSCATTER RFID 
TRANSPONDER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Patent Application No. 60/5 84, l 4 l, ?led Jul. 1,2004, ofU.S. 
Provisional PatentApplication No. 60/ 602,342, ?ledAug. 18, 
2004, of US. Provisional Patent Application No. 60/608, 1 l 8, 
?led Sep. 9, 2004, of US. Provisional Patent Application No. 
60/ 614,552, ?led Oct. 1, 2004, and of US. Provisional Patent 
Application No. 60/649,56 l, ?led Feb. 4, 2005. These related 
applications are assigned to the assignee of the present patent 
application, and their disclosures are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention relates generally to radio frequency 
identi?cation (RFID) systems, and particularly to battery 
assisted backscatter RFID transponders, their components 
and methods for producing RFID transponders. 

BACKGROUND OF THE INVENTION 

Radio frequency identi?cation (RFID) systems are used in 
a variety of applications, ranging from Warehouse inventory 
control and container tracking, through automatic toll pay 
ment, to automatic supermarket cashier applications. In a 
typical RFID system, an RF transponder is attached to, or 
incorporated into, a tracked object. RF transmissions betWeen 
an interrogation device or a reader and the transponder are 
used for identifying or controlling the object, reading data, 
Writing data or otherWise communicating With the transpon 
der. 

SUMMARY OF THE INVENTION 

RF transponders are commonly classi?ed in terms of the 
use they make of an internal poWer source. A passive tran 
sponder has no internal poWer source and uses the energy of 
the RF radiation transmitted by the reader (referred to herein 
as interrogation radiation) for poWering the transponder cir 
cuitry and for transmitting response radiation back to the 
reader. (The response radiation typically comprises informa 
tion, such as an identi?cation number, transmitted from the 
transponder to the reader.) An active transponder comprises 
an internal poWer source that is used for both poWering the 
transponder and for generating the RF energy required for 
transmitting the response radiation. A battery-assisted tran 
sponder (also referred to as a semi-active or a semi-passive 
transponder) comprises an internal poWer source. The energy 
of the response radiation is derived from the interrogation 
radiation provided by the reader, and the transponder circuitry 
is poWered by the internal poWer source. Some battery-as 
sisted transponders, referred to as backscatter transponders, 
generate the response radiation by backscattering the interro 
gation radiation from the transponder antenna. Backscatter 
transponders typically transmit information to the reader by 
modulating the backscattered radiation. 

Battery-assisted backscatter transponders, as described in 
the background art, can use part of the energy of the received 
interrogation radiation for poWering the transponder cir 
cuitry, in parallel to their internal battery. This con?guration 
reduces the amount of energy that is available for backscat 
tering, thus reducing the achievable communication range of 
the transponder. 
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2 
Embodiments of the present invention provide improved 

battery-assisted backscatter RF transponder con?gurations 
that maximize the achievable communication range and 
extend the lifetime of the internal poWer source. Exemplary 
performance measurements of such transponders in various 
challenging test environments are shoWn hereinbeloW. 

In some embodiments, an integrated circuit (IC) in the 
transponder modulates the information to be transmitted to 
the reader onto the backscattered radiation using backscatter 
modulation. The IC modulates a radar cross-section (RCS) of 
the transponder antenna by varying the impedance at the 
feed-point of the antenna. In particular, When an extreme 
mismatch, such as an open circuit, is introduced at the antenna 
feed-point, the energy of the interrogation radiation available 
for backscattering is maximiZed, thus maximiZing the com 
munication range of the transponder. 

In some embodiments, the antenna and the IC are jointly 
optimiZed so as to maximiZe the impedance mismatch at the 
antenna feed-point, and hence maximiZe the achievable com 
munication range. Additionally or alternatively, a modulation 
depth (denoted ARCS) de?ned as the ratio betWeen the dif 
ferent RCS values is also maximiZed. 
The RF transponders described herein can operate under 

various protocols, such as, but not limited to various transpon 
der-talks-?rst (TTF) and reader-talks-?rst (RTF) protocols. 
Such protocols typically de?ne the different modes of opera 
tion for the transponder. In some embodiments, an energy 
saving (battery saving) module in the IC activates and deac 
tivates parts of the transponder responsively to the operational 
modes de?ned in the protocol, in order to reduce the energy 
consumption from the internal poWer source. In some 
embodiments, the energy saving module controls the opera 
tional modes of the transponder responsively to predeter 
mined timeout conditions, to further reduce energy consump 
tion. 

Embodiments of the present invention also provide 
improved methods for producing RF transponders. In some 
embodiments, the poWer source of the transponder is a thin 
and ?exible battery that is printed on the same substrate as the 
IC and the antenna, as part of the transponder production 
process. 

There is therefore provided, in accordance With an embodi 
ment of the present invention, a radio frequency (RF) tran 
sponder, including: 

at least one battery, Which is coupled to provide electrical 
poWer for operating the transponder; 

at least one antenna, Which is con?gured to receive and 
backscatter RF interrogation radiation from an interro 
gation device; and 

an integrated circuit (IC), Which is arranged to store a code 
including information and, poWered only With energy 
provided by the battery, to vary a radiation characteristic 
of the antenna responsively to the code so as to modulate 
the information onto the backscattered_radiation. 

In some embodiments, the transponder includes a substrate 
having at least one of the IC, the at least one antenna and the 
at least one battery disposed thereon. 

In a disclosed embodiment, the at least one battery includes 
at least a printed anode layer, a printed electrolyte layer and a 
printed cathode layer disposed in at least one of a co-planar 
and a co-facial con?guration. The electrolyte layer is dis 
posed betWeen the anode layer and the cathode layer. In 
another embodiment, the substrate is ?exible. 

In yet another embodiment, the transponder has a thickness 
no greater than 1 mm and a bending radius no greater than 25 
mm. 
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In an embodiment, the transponder is attached to an object 
and at least part of the information in the IC is related to the 
object. Additionally or alternatively, the transponder is 
adapted to be attached around a corner of an object so that the 
at least one battery is oriented in a ?rst plane and the at least 
one antenna is oriented in a second plane different from the 
?rst plane. 

In another embodiment, the at least one antenna is selected 
from the group consisting of at least one of a monopole, a bent 
monopole, a dipole, a bent dipole, a patch, an array antenna 
and a combination thereof. Additionally or alternatively, the 
at least one antenna is con?gured to receive and backscatter 
the interrogation radiation in one of an ultra-high frequency 
(UHF) range and a microWave frequency range. Further addi 
tionally or alternatively, the at least one antenna is arranged to 
receive and backscatter transverse electromagnetic (TEM) 
radiation. 

In yet another embodiment, the at least one antenna 
includes a feed-point, the radiation characteristic includes a 
radar cross-section (RCS) of the at least one antenna, and the 
IC is arranged to vary a load impedance at the feed-point of 
the at least one antenna so as to vary the RCS of the at least one 
antenna betWeen tWo or more different RCS values. In still 
another embodiment, the IC includes a solid-state sWitch 
operatively coupled to the feed-point of the at least one 
antenna, Which is arranged to sWitch the load impedance 
betWeen a ?rst impedance and a second impedance, respon 
sively to a binary representation of the code. 

In an embodiment, the IC is arranged to introduce a loW 
resistive load condition at the feed-point of the at least one 
antenna so as to maximize at least one of the tWo or more RCS 

values, thereby maximizing a communication range of the 
transponder. Additionally or alternatively, the IC is arranged 
to maximize a modulation depth de?ned as a ratio betWeen 
tWo of the tWo or more RCS values. Further additionally or 
alternatively, the at least one antenna and the IC are arranged 
to jointly maximize the modulation depth and a communica 
tion range of the transponder. 

In an embodiment, the interrogation radiation received by 
the at least one antenna has a ?rst poWer level, and the at least 
one antenna and the IC are arranged to backscatter the inter 
rogation radiation at a second poWer level that is greater than 
75% of the ?rst poWer level. In another embodiment, the 
second poWer level is greater than 95% of the ?rst poWer 
level. 

In still another embodiment, the IC is con?gured to comply 
With an operation protocol de?ning tWo or more operational 
modes. Additionally or alternatively, the IC includes an 
energy saving module, Which is arranged to activate and 
deactivate parts of the transponder responsively to the opera 
tional modes so as to reduce an energy consumption from the 
at least one battery. In yet another embodiment, the protocol 
includes at least one of a transponder-talks-?rst (TTF) and a 
reader-talks-?rst (RTF) protocol. 

In an embodiment, the protocol includes the RTF protocol, 
and the IC is con?gured to analyze signals carried by the 
interrogation radiation, to progressively activate components 
of the transponder responsively to the analyzed signals so as 
to reduce an energy consumption from the at least one battery, 
to assess a relevance of the interrogation radiation to the 
transponder based on the analyzed signals, and to enable the 
transponder to react to the interrogation radiation based on the 
relevance. Additionally or alternatively, the IC is arranged to 
evaluate one or more timeout conditions and to deactivate 

predetermined components of the transponder responsively 
to the timeout conditions after having detected a presence of 
the interrogation radiation. 
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4 
In another embodiment, the IC includes a battery status 

indicator, Which is con?gured to indicate an availability of 
suf?cient electrical poWer from the at least one battery, and 
the IC is con?gured to draW electrical poWer from the inter 
rogation radiation responsively to a reported unavailability of 
suf?cient battery poWer as determined by the battery status 
indicator. 

In yet another embodiment, the transponder includes at 
least one sensor, and the IC is arranged to receive an indica 
tion of a local condition in a vicinity of the transponder from 
the at least one sensor. 

In still another embodiment, the transponder includes an 
energy conversion circuit, Which is arranged to draW excess 
poWer from the interrogation radiation, When the excess 
poWer is available, and to perform at least one of poWering the 
IC and charging the at least one battery using the draWn 
excess poWer. 

In an embodiment, the IC is arranged to decode and react to 
interrogation data carried by the interrogation radiation, the 
interrogation data including at least one of a command relat 
ing to an operation of the transponder and input data to be 
Written to the transponder. 

There is also provided, in accordance With an embodiment 
of the present invention, a radio frequency (RF) transponder, 
including: 

a battery, Which is coupled to provide electrical poWer for 
operating the transponder; 

an antenna, Which is arranged to receive and backscatter 
RF interrogation radiation from an interrogation device; 

an integrated circuit (IC), Which is arranged to store a code 
including information and, poWered With energy pro 
vided by the battery, to vary a radiation characteristic of 
the antenna responsively to the code so as to modulate 
the information onto the backscattered interrogation 
radiation; and 

a substrate, on Which the battery, IC and antenna are dis 
posed, and Which is adapted to be ?xed around a comer 
of an object so that the battery is oriented in a ?rst plane 
and the antenna is oriented in a second plane different 
from the ?rst plane. 

There is further provided, in accordance With an embodi 
ment of the present invention, a radio frequency (RF) tran 
sponder, including: 

an antenna, Which is arranged to receive interrogation 
radiation at a ?rst poWer level from an interrogation 
device and to backscatter the interrogation radiation at a 
second poWer level that is greater than 75% of the ?rst 
poWer level; and 

an integrated circuit (IC), Which is arranged to store a code 
including information and to vary a radiation character 
istic of the antenna responsively to the code so as to 
modulate the information onto the backscattered radia 
tion. 

In an embodiment, the second poWer level is greater than 
95% of the ?rst poWer level. 

There is additionally provided, in accordance With an 
embodiment of the present invention, a radio frequency (RF) 
transponder, including: 

an antenna, Which is arranged to receive ?rst RF radiation 
carrying signals from an interrogation device and to 
transmit second RF radiation responsively to the ?rst RF 
radiation; 

a battery, Which is coupled to provide electrical poWer for 
operating the transponder; and 

an integrated circuit (IC), Which is operative in accordance 
With a reader-talks-?rst (RTF) protocol, and Which is 
con?gured to detect a presence of the ?rst RF radiation, 
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to analyze the signals carried by the ?rst RF radiation, to 
progressively activate components of the transponder 
responsively to the analyzed signals so as to reduce an 
energy consumption from the battery, to assess a rel 
evance of the ?rst RF radiation to the transponder based 
on the analyZed signals, and to enable the transponder to 
transmit the second RF radiation based on the relevance. 

In an embodiment, the IC is con?gured to assess the rel 
evance of the ?rst RF radiation by performing at least one of 
detecting a pattern in the ?rst RF radiation and determining 
addressing information in the ?rst RF radiation. In another 
embodiment, the IC is arranged, responsively to the relevance 
of the ?rst RF radiation, to perform at least one of rej ecting RF 
radiation not generated by an RF reader and rejecting RF 
radiation not addressed to the transponder. 

There is also provided, in accordance With an embodiment 
of the present invention, a method for transmitting informa 
tion from a radio frequency (RF) transponder, including: 

providing a battery for operating the transponder; 
con?guring an antenna to backscatter RF interrogation 

radiation that is transmitted from an interrogation 
device; and 

varying a radiation characteristic of the antenna respon 
sively to the information so as to modulate the informa 
tion onto the backscattered radiation. The energy used to 
vary the radiation characteristic is not derived from the 
interrogation radiation. 

In an embodiment, providing the battery includes applying 
a printed battery to a substrate having at least one of the IC and 
the antenna disposed thereon. In another embodiment, the 
battery is no greater than 1 mm thick. 

In yet another embodiment, the battery includes a ?exible 
thin-layer open liquid-state electrochemical cell including a 
?rst layer of insoluble negative electrode, a second layer of 
insoluble positive electrode and a third layer of aqueous elec 
trolyte, the third layer being disposed betWeen the ?rst and 
second layers and including: 

(a) a deliquescent material for keeping the open cell Wet at 
all times; 

(b) an electroactive soluble material for obtaining required 
ionic conductivity; and 

(c) a Water-soluble polymer for obtaining a required vis 
cosity for adhering the ?rst and second layers to the third 
layer. 

There is additionally provided, in accordance With an 
embodiment of the present invention, a method for manufac 
turing a radio frequency (RF) transponder, including: 

providing a battery for operating the transponder; 
con?guring an antenna to backscatter RF interrogation 

radiation that is transmitted from an interrogation 
device; 

disposing the antenna and the battery on a substrate, 
Wherein the substrate is con?gured to alloW for applica 
tion of the transponder around a comer of an object, so 
that the battery is oriented in a ?rst plane and the antenna 
is oriented in a second plane different from the ?rst 
plane. 

There is further provided, in accordance With an embodi 
ment of the present invention, a method for transmitting infor 
mation from a radio frequency (RF) transponder, including: 

con?guring an antenna to receive an interrogation radiation 
at a ?rst poWer level from an interrogation device and to 
backscatter the interrogation radiation at a second poWer 
level that is greater than 75% of the ?rst poWer level; 

6 
storing a code including the information; and 
varying a radiation characteristic of the antenna respon 

sively to the code so as to modulate the information onto 
the backscattered radiation. 

5 In an embodiment, the second poWer level is greater than 
95% of the ?rst poWer level. 

There is additionally provided, in accordance With an 
embodiment of the present invention, a method for manufac 
turing a radio frequency (RF) transponder, including: 

providing a substrate; 
applying on the substrate an antenna suitable for backscat 

tering radio-frequency (RF) radiation; 
applying an integrated circuit (IC) to the substrate, and 

coupling the IC to vary a radiation characteristic of the 
antenna so as to modulate information onto the back 

scattered radiation; and 
printing a battery on the surface of the substrate, so as to 

provide electrical poWer for poWering the transponder. 
In an embodiment, printing the battery includes printing 

one or more battery layers in at least one of a co-facial con 
?guration and a co-planar con?guration using respective inks 
including battery layer materials. In another embodiment, the 
layer material includes at least one of Zinc, manganese diox 
ide (MnO2) and Zinc chloride (ZnClz). 

In yet another embodiment, printing the battery includes: 
forming a ?rst battery assembly including: 
i. printing a ?rst electrode layer on the surface of the 

substrate; 
ii. applying an electrolyte on the ?rst electrode layer; and 
iii. applying a separator layer on the electrolyte of the ?rst 

electrode layer; 
forming a second battery assembly including: 
i. printing a second electrode layer of opposite polarity to 

the ?rst electrode layer on a second substrate; and 
ii. applying the electrolyte on the second electrode layer; 

and 
joining together the ?rst battery assembly and second bat 

tery assembly so that the layers are stacked and the 
electrolyte of the second electrode layer is in co-facial 
contact With the separator layer. 

In still another embodiment, applying the antenna includes 
printing the antenna on the substrate. In another embodiment, 
the IC includes an organic polymer IC and applying the IC 
includes using a printing technique to apply the IC. Addition 
ally or alternatively, applying the antenna and the IC and 
printing the battery include printing a fully printable tran 
sponder. 

There is also provided, in accordance With an embodiment 
0 of the present invention, a method for reducing energy con 

sumption from a battery in a radio-frequency (RF) transpon 
der operating in accordance With a reader-talks-?rst (RTF) 
protocol, including: 

detecting a presence of RF radiation at the transponder; 
analyZing signals carried by the detected RF radiation; 
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55 
progressively activating components of the transponder 

responsively to the analyZed signals, so as to reduce the 
energy consumption; 

assessing a relevance of the RF radiation to the transponder 
60 based on the analyZed signals; and 

based on the relevance, enabling the transponder to react to 
the RF radiation. 

There is further provided, in accordance With an embodi 
ment of the present invention, a radio-frequency identi?ca 

65 tion (RFID) system, including: 
at least one interrogation device, Which is con?gured to 

transmit RF interrogation radiation to RF transponders 
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and to receive and decode backscatter-modulated radia 
tion from the RF transponders responsively to the inter 
rogation radiation; 

at least one radio frequency (RF) transponder, including: 
i. at least one battery, Which is coupled to provide electrical 
poWer for operating the transponder; 

ii. at least one antenna, Which is arranged to receive and 
backscatter the interrogation radiation from the at least 
one interrogation device; and 

iii. an integrated circuit (IC), Which is arranged to store a 
code including information and, poWered only With 
energy provided by the battery, to vary a radiation char 
acteristic of the antenna responsively to the code so as to 
modulate the information onto the backscattered radia 
tion; and 

at least one data processing device for processing data 
decoded by the at least one interrogation device from the 
backscattered modulated radiation. 

There is additionally provided, in accordance With an 
embodiment of the present invention, an antenna for trans 
mitting information from a radio frequency (RF) transponder. 
The antenna is con?gured to receive RF interrogation radia 
tion at a ?rst poWer level from an interrogation device, to 
backscatter the interrogation radiation at a second poWer level 
that is greater than 75% of the ?rst poWer level, and the 
antenna has a variable radiation characteristic, Which is con 
trollable by the transponder so as to modulate the information 
onto the backscattered radiation. In an embodiment, the sec 
ond poWer level is greater than 95% of the ?rst poWer level. 

There is also provided, in accordance With an embodiment 
of the present invention, an energy saving circuit for reducing 
energy consumption from a battery in a radio-frequency (RF) 
transponder, including: 

a state machine, Which is arranged to detect a presence of 
RF radiation at the transponder, to analyZe signals car 
ried by the detected RF radiation, to progressively acti 
vate components of the transponder responsively to the 
analyZed signals, so as to reduce the energy consump 
tion, to assess a relevance of the RF radiation to the 
transponderbased on the analyZed signals, and, based on 
the relevance, to enable the transponder to react to the 
RF radiation; and 

one or more timeout circuits, Which are arranged to evalu 
ate timeout conditions so as to activate predetermined 
components of the transponder responsively to the ana 
lyZed signals. 

There is further provided, in accordance With an embodi 
ment of the present invention, a radio frequency (RF) tran 
sponder, including: 

at least one battery, Which is coupled to provide electrical 
poWer for operating the transponder; 

at least one antenna, Which is con?gured to receive and 
backscatter RF interrogation radiation from an interro 
gation device; and 

an integrated circuit (IC), Which is arranged to store a code 
including information and, poWered With at least one of 
energy provided by the battery and excess poWer from 
the interrogation radiation, to vary a radiation character 
istic of the antenna responsively to the code so as to 
modulate the information onto the backscattered radia 
tion. 

The present invention Will be more fully understood from 
the folloWing detailed description of the embodiments 
thereof, taken together With the draWings in Which: 
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8 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic pictorial illustration of an RFID 
system, in accordance With an embodiment of the present 
invention. 

FIG. 2 is a block diagram that schematically illustrates an 
RFID system, in accordance With an embodiment of the 
present invention. 

FIGS. 3A and 3B are geometrical diagrams that schemati 
cally illustrate RFID transponder antennas, in accordance 
With embodiments of the present invention. 

FIG. 3C is a schematic pictorial illustration of an RFID tag 
that is folded over an edge of an object, in accordance With an 
embodiment of the present invention. 

FIG. 4A is a diagram that schematically illustrates a radia 
tion pattern of an RFID transponder antenna, in accordance 
With an embodiment of the present invention. 

FIG. 4B is a graph that schematically illustrates coverage 
of an RFID transponder antenna, in accordance With an 
embodiment of the present invention. 

FIGS. 5A-5C are graphs that schematically illustrate back 
scatter values of RFID transponder antennas, in accordance 
With embodiments of the present invention. 

FIGS. 6A and 6B are How charts that schematically illus 
trate methods for communicating betWeen a reader and an 
RFID transponder, in accordance With embodiments of the 
present invention. 

FIG. 7 is a state diagram that schematically illustrates 
energy saving operation in reader-talks-?rst mode, in accor 
dance With an embodiment of the present invention. 

FIG. 8 is a schematic exploded vieW of an RFID transpon 
der, in accordance With an embodiment of the present inven 
tion. 

FIG. 9 is a How chart that schematically illustrates a 
method for producing an RFID transponder, in accordance 
With an embodiment of the present invention. 

FIG. 10A is a schematic exploded vieW of a printed battery, 
in accordance With an embodiment of the present invention. 

FIG. 10B is a How chart that schematically illustrates a 
method for producing a printed battery for a transponder, in 
accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

System Description 

FIG. 1 is a diagram that pictorially illustrates an RFID 
system 20, in accordance With an embodiment of the present 
invention. System 20 in this example, Which is no Way limit 
ing is a Warehouse inventory tracking system, in Which 
objects, such as packages 24 are stored and tracked in a 
Warehouse. An RF transponder 28, typically in the form of a 
tag or label, is attached to or is integrally formed With each 
package 24. The term “transponder” as used herein includes, 
but is not limited to, transponder forms such as tags, labels, 
stickers, Wristbands, smart cards, disks or coins, glass tran 
sponders, plastic housing transponders, Watch face transpon 
ders and any combination thereof. The term includes any siZe, 
thickness, shape, and form of transponder device. The term 
includes integrated and non-integrated devices, such as, but 
not limited to, devices integrated into the packaging of an 
object or integrated into the object or product itself. The term 
includes transponders, made by any suitable technology, 
including, but not limited to a printing technology. 
A code comprising information relating to package 24 

and/or to transponder 28 can be generated and stored in a 
memory of transponder 28. Generally speaking, the code 



US 7,394,382 B2 

comprises any information that is to be transmitted from 
transponder 28 to reader 32. For example, the information 
may comprise an ID number that identi?es package 24. Addi 
tionally or alternatively, the code may comprise data mea 
sured by sensors coupled to the transponder, or any other data 
that should be transmitted to reader 32. 
An interrogation device, such as a reader 32, transmits 

interrogation RF radiation to transponder 28 in order to query 
its information. Typically, the interrogation radiation com 
prises a transverse electromagnetic (TEM) Wave. The inter 
rogation radiation may comprise interrogation data transmit 
ted to the transponder, such as an identi?cation of the reader 
or an identi?cation of the queried transponder. The transpon 
der receives the interrogation radiation and responds by 
modulating its code onto a backscattered response RF radia 
tion, using methods, Which Will be explained in detail beloW. 
The reader receives the backscattered radiation and demodu 
lates the code sent by the transponder. The information in the 
code can be transmitted to a processing unit 36. In some 
embodiments, at least one repeater 42 can be used for com 
municating betWeen reader 32 and processing unit 36, for 
example in installations Where there is no line of sight 
betWeen the reader and the processing unit. 

In the example of FIG. 1, a forklift is seen entering the 
Warehouse carrying a neW package 24 to be stored. Reader 32, 
in this example con?gured as a gate reader, interrogates tran 
sponder 28 attached to package 24 in order to automatically 
update an inventory database maintained by processing unit 
36 With the neWly-arriving package. 

The con?guration shoWn in FIG. 1 is an exemplary RFID 
application, chosen purely for the sake of conceptual clarity. 
System 20 may comprise any other RFID system, in Which 
RFID transponders are coupled to tracked objects. System 20 
may comprise, for example, a container tracking system, an 
automatic toll payment system, a book tracking system in a 
library, an airport baggage tracking system, an automatic 
cashier in a supermarket, animal tagging, human tracking 
such as, but not limited to baby tracking in a hospital or armed 
forces tracking, supply chain management, access control, 
asset control, total asset visibility, licensing, product hand 
shaking, logistics management, movement and theft alarms. 
System 20 of the present invention can be used to monitor 
assets, packages, containers, and pallets When they are in 
Warehouses and stockyards, as Well as When they are in tran 
sit. 

System 20 typically comprises multiple transponders 28 
and may comprise multiple readers 24 and/or multiple pro 
cessing units. Reader 32 and transponder 28 may communi 
cate using any suitable protocol. An exemplary protocol is 
de?ned in an EPCglobal speci?cation entitled “Class-l Gen 
eration-2 UHF RFID Conformance Requirements Speci?ca 
tion v.l.0.2,” Which is available at WWW.epcglobalinc.org/ 
standards_technolo gy/ speci?cations .html. Another 
exemplary protocol is the ISO 18000-612004 standard 
entitled “Radio Frequency Identi?cation for Item Manage 
mentiPart 6: Parameters for Air Interface Communications 
at 860 MHZ to 960 MHZ,” published by the International 
Organization for Standardization (ISO). The ISO/IEC 18000 
612004 standard is available at WWW.iso.org. 
The modes of operation of transponder 28 and the func 

tionality of each mode can be de?ned in accordance With any 
suitable protocol, standard or interoperability interface, such 
as the EPCglobal and ISO speci?cations cited above. 

In some embodiments, system 20 may comprise multiple 
readers 32. The multiple readers may be synchronized or 
non-synchronized. The multiple readers may be connected to 
a single processing unit 36 or to multiple processing units. 
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10 
Interrogation radiation from more than one reader may cause 
mutual interference problems. In some embodiments, readers 
32 of system 20 canuse a “listenbefore talk” protocol in order 
to avoid the mutual interference. Additionally or altema 
tively, readers 32 can use synchronized or non- synchronized 
frequency hopping for minimizing interference, as is knoWn 
in the art. 

Reader 32 and processing unit 36 may communicate using 
any suitable Wired or Wireless connection means. Although 
system 20 can be used in any RFID application, the methods 
and devices described beloW are particularly suitable for 
RFID applications that require a relatively long range 
betWeen transponder 28 and reader 32. In addition, system 20 
can be used in a variety of challenging environments, such as 
environments in Which the communication path betWeen the 
transponder and the reader is obstructed by materials such as 
oil, liquids and metals. 

Transponder 28 as described herein is a battery-assisted 
backscatter RFID transponder. The term “backscatter tran 
sponder” means that the response radiation is generated by a 
backscattering effect, in Which part of the RF energy of the 
interrogation radiation is re?ected from the transponder 
antenna back to the reader. Further, transponder 28 does not 
draW current from an internal battery for generating the RF 
energy required for transmitting the backscattered radiation, 
thus extending the lifetime of the battery and of the transpon 
der. 
The term “battery-assisted transponder” (sometimes also 

referred to as a “semi-active” or a “semi-passive” transpon 
der) means that poWer required to run transponder 28 is 
derived from an internal poWer source, such as a battery. In 
contrast, a passive transponder does not make use of an inter 
nal poWer source. The energy for poWering the transponder 
circuitry in a passive transponder is derived from the interro 
gation radiation, Which effectively reduces the communica 
tion range. 

Other transponders, referred to as “active transponders,” 
use the poWer of the internal battery for generating the 
response radiation. While this con?guration may extend the 
communication range of the transponder, the poWer con 
sumption of an active transponder is signi?cantly higher in 
comparison to a battery-assisted transponder. The higher 
poWer consumption typically means that an active transpon 
der may either have a signi?cantly shorter lifetime, or have a 
signi?cantly larger size to alloW for a larger battery. A larger 
battery also adds to the cost of the transponder. 
The background art has described semi-active transpon 

ders, in Which some of the energy of the interrogation radia 
tion received by the antenna is transferred to the transponder, 
absorbed or otherWise made unavailable for backscattering. 
Since such a con?guration reduces the energy that is available 
for backscattering, the communication range of the transpon 
der is reduced accordingly. HoWever, in embodiments 
described herein, the control circuitry of the transponder is 
poWered exclusively by the internal battery. As long as the 
battery is able to supply the required energy, the energy of the 
interrogation radiation is not used to poWer the transponder. 
Substantially all of the energy of the interrogation radiation 
received by the antenna is thus available for backscattering. 
Therefore, the con?guration described herein maximizes the 
backscatter communication range betWeen the transponder 
and the reader. 

Transponder 28 can take the form of a tag or a label that is 
attached to the tracked object. Alternatively, in some cases the 
transponder may be incorporated as part of the tracked object 
itself. In other cases the transponder can be embedded inside 
a smart-card. Further alternatively, the transponder can be 



US 7,394,382 B2 
11 

formed and packaged in any other suitable con?guration, as 
required by its functionality in system 20. An exemplary 
mechanical con?guration, in Which transponder 28 is formed 
as a ?exible label, is shoWn in FIG. 8 beloW. Transponder 28 
can be produced at loW cost and thus may be disposable. 

In some embodiments, transponder 28 is con?gured to 
operate at a temperature range of from about —200 C. to about 
65° C. and a non-condensing humidity range of from about 
5% to about 95%. In some embodiments, transponder 28 is 
resistant to liquids and other non-corro sive materials. In some 
embodiments, transponder 28 facilitates improved commu 
nication compared to passive transponders in the presence of 
RF absorptive and re?ective materials. 

The code stored in transponder 28 may conform to any 
suitable structure, standard or convention. For example, the 
code may comply With the Electronic Product CodeTM, an 
industry-driven standard developed by EPCglobal, Inc. Fur 
ther details regarding this standard can be found at WWW.epc 
globalinc.org. An exemplary product identi?cation conven 
tion is the EAN.UCC standard. Details regarding this 
standard are available at WWW.ean-ucc.org. In some embodi 
ments, reader 32 may Write input data into transponder 28 in 
addition to reading the code, as part of the interrogation 
process. The Written data can later be read by the same reader 
or by a different reader in subsequent interrogations. 

In some embodiments, the interrogation radiation and the 
backscattered radiation are transmitted in the ultra-high fre 
quency (UHF) range, typically betWeen about 300 and about 
3000 MHZ, although other suitable higher or loWer frequency 
ranges, such as for example microWaves can also be used. 
Nothing herein is meant to limit the invention disclosed 
herein to operation Within the UHF band. The particular 
choice of frequencies may depend upon national spectrum 
allocation and other regulatory and functional constraints. 
For example, typical frequency ranges are in the range of 
about 800-900 MHZ in Europe and in the range of about 
900-950 MHZ in North America. In some embodiments, the 
same transponder can be con?gured to be operable in differ 
ent frequency bands depending on geography. As such, the 
present invention readily facilitates seamless operation across 
the globe. 
When reader 32 transmits information or other commands 

to the transponder, the transmission can use any suitable 
modulation type, such as amplitude shift keying (ASK), fre 
quency shift keying (FSK), single sideband (SSB), double 
sideband (DSB) and phase shift keying (PSK) modulation. 

FIG. 2 is a block diagram that schematically illustrates 
details of RFID system 20, in accordance With an embodi 
ment of the present invention. Transponder 28 comprises a 
substrate 48, Which serves as the base for mounting the vari 
ous transponder components. An antenna 52 receives and 
backscatters the interrogation radiation transmitted by reader 
32. In some embodiments, the transponder may comprise tWo 
or more antennas for improved coverage. 
An integrated circuit (IC) 56, typically an application 

speci?c IC (ASIC), performs the various processing and logic 
functions of transponder 28. In some embodiments, some 
functions of IC 56 are implemented using discrete compo 
nents that are disposed on substrate 48 as part of the transpon 
der production process. 

IC 56 is poWered by a battery 60. The RF energy of the 
interrogation radiation is typically detected, ampli?ed, ?l 
tered and demodulated by a detector/ demodulator 62 in IC 56. 
Detector/demodulator 62 detects the presence of the interro 
gation radiation and demodulates the interrogation data, if 
such data is transmitted by reader 32. Detector/demodulator 
62 may use constant false alarm rate (CFAR) techniques 
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12 
knoWn in the art, or any other suitable method, for detecting 
the presence of the interrogation radiation in the presence of 
clutter, background noise and/or interference. In some 
embodiments, the detector and demodulator may be inte 
grally formed in one circuit. Alternatively, the detector and 
demodulator may use separate components or may share 
some components. 
A control module 64 typically receives an indication 

regarding the presence of the interrogation radiation, and 
optionally the demodulated interrogation data, from detector/ 
demodulator 62. Control module 64 retrieves the transponder 
code, as de?ned above, Which has been previously stored in a 
memory 66, and sends the code to a modulator 68, Which 
accordingly modulates the RF radiation that is backscattered 
from antenna 52 to reader 32. 

Battery 60 may comprise one or more suitable energy 
sources. The battery may optionally include circuitry con?g 
ured to increase or otherWise control the supplied voltage. In 
some embodiments, battery 60 comprises at least one thin and 
?exible battery, such as the batteries produced by PoWer 
Paper Ltd. (Petah-Tikva, Israel). Such thin and ?exible bat 
teries are described, for example, in US. Pat. Nos. 5,652,043, 
5,897,522 and 5,811,204,Whose disclosures are incorporated 
herein by reference. Additional details can also be found at 
WWW.poWerpaper.com. Thin batteries of this sort are typi 
cally less than 1 mm thick. 

In some embodiments, the transponder is typically less 
than 1 mm thick and has a bending radius of less than 25 mm. 
In some embodiments, the transponder is less than 0.6 mm 
thick. In some embodiments, the transponder had a bending 
radius ofless than 50 mm. 

In some embodiments, the thin and ?exible battery com 
prises a ?rst insoluble negative electrode, a second insoluble 
positive electrode, and an aqueous electrolyte being disposed 
betWeen the negative electrode and positive electrode. The 
electrolyte layer typically comprises (a) a deliquescent mate 
rial for keeping the open cell Wet at all times; (b) an electro 
active soluble material for obtaining required ionic conduc 
tivity; and (c) a Water-soluble polymer for obtaining a 
required viscosity for adhering the electrolyte to the elec 
trodes. In some embodiments, the tWo electrode layers and 
the electrolyte layer are typically arranged in a co-facial con 
?guration. Altematively, the tWo electrode layers and the 
electrolyte layer can also be arranged in a co-planar con?gu 
ration. The resulting battery can facilitate an even thinner 
transponder. 

In other embodiments, battery 60 comprises a thin and 
?exible battery as described in US. Patent Application Pub 
lication 20030165744 A1, Whose disclosure is incorporated 
herein by reference. 

In some embodiments, as described in detail hereinbeloW, 
When battery 60 is a thin and ?exible battery as described 
above, the different layers of the battery are deposited on 
substrate 48 as part of the transponder production process. In 
alternative embodiments, a previously assembled thin and 
?exible battery is applied or attached to substrate 48. 

In some embodiments, battery 60 may be kept in an inac 
tivated state in order to increase the longevity of the battery. 
Such a case may be desirable for a transponder 28, Which has 
been manufactured, but is not yet in use. Any suitable method 
of facilitating an inactivated state may be used, such as but not 
limited to use of a tab over the battery. 

In some embodiments, control module 64 comprises a 
microcontroller core that runs suitable softWare, coupled With 
peripheral logic and memory. Alternatively or additionally, 
control module 64 may comprise logical functions and man 
agement functions implemented in hardWare as part of IC 56. 






















